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Abstract: Spacebo rne Synthetic Ape rtur e Rada r Inter ferometr y ( InSAR) and Differentia l In SAR ( DInSAR)
have been demonstra ted to be the very po tential to ols fo r g ene rating lar ge-area even o r g lobal DEM as well as
measuring and monitoring Ea r th sur face defo rma tion, r espectiv ely. Fo r the purpose o f computing the accu-
ra te inter fero g ram, th e co-registra tion of satellite SAR complex images is one o f the most impo rtant process-
ing pro cedures involv ed in sa tellite SAR inte rferometr y. Based on th e discussion about transfo rma tions a-
mong severa l spatial coo rdinate systems associa ted with interfe rom etric processes, this paper propo ses the ge-
ome tric co-reg ist ration scheme o f SAR images depending on sa tellite o rbit sta te v ecto rs and SAR imaging ge-
ome try. On the other hand, the cor relativ e co-registr ation a lg o rithm tha t makes full use of amplitude infor-
mation of image chips is also designed on the ba sis o f initia l r esults of geometric co-registra tion. Finally , the
co-registra tion experiments a re car ried out using th ree types of complex SAR image pairs that w ere collec ted
by ERS-1 /2, JERS-1, and RADARS AT, respectiv ely. Some significant compa risons and analyses a re made.
Key words: SAR complex image; g eome tric co-registration; co r relativ e co-reg ist ration; radar inter ferome-
tr y
?　?: 星载干涉雷达测量已被证实用于生成大范围 (乃至全球 )的 DEM或监测地表位移具
有广阔的应用前景 ,其中 SAR复数图像序列的精确配准是保证生成有效干涉相位图的重要环
节之一。 本文分析了卫星 InSAR系统中所涉及的几种坐标系统变换问题 ,并提出了基于此的
几何配准方案 ,即基于卫星轨道状态矢量、 SAR成像几何进行配准的算法 ;同时 ,还设计了基
于几何配准结果和能量影像相关技术的配准算法。 最后使用 ERS-1 /2、 JERS-1和
RADARSAT卫星获取的 3种 SAR复数图像对分别做几何配准和相关配准试验和比较 ,并对
卫星 SAR图像质量和轨道数据质量作了定性分析。
　　????: 2000-01-04; ????: 2000-04-29
????:???????????? ( G-9025) ;?????????? ( G-V747)
????:??? ( 1968-) ,? ,????? ,????????????? ,????? ,???? InSAR??。
???: SAR复数图像 ;几何配准 ;相关配准 ;雷达干涉测量
1　引　言
????? ,?????????????
???? ( Synthetic Aper ture Radar Interferom-
etry,?? InS AR)??????????。 In-
SAR?????????? SAR??????
?????? ,??????????????
???? 3??? (??????? )????
? [1～ 4 ] ,??? ,???? SAR???????
???? ( Di fferential InSAR,?? D-InSAR)?
????????? ,??????????? ,
?????????????? [5～ 7 ]。 ???
SAR???? ,?? SAR?????????、
??、 SAR????????? ,???? SAR
??? InSAR???????? ,??? SAR
?????????????。?? SAR???
?????????? ,??????????
?????????????? ,??????
???????????????????? ,
?????????????? B (?????
????????? B???????????
? B? ,?? 1?? ) ,???????????
?。????? ,??????????????
SAR?????????? [2, 3 ]。
? 1　 InSAR??
Fig. 1　 InSAR geometric configuration
???? , InSAR???????????
?????????????????????
???? ,?????????????? ( co-
regist ration)???? [2, 3 ]。?????????
??????????????? SAR???
?? ,?????????????????
? [1, 8, 9 ] ,????????????????。
?????????????????????
(??????? )?????? SAR????
????? (??????? ) ;???????
?????????????????????
? ,??? Fourier????????????
???????? ,????????? (???
? ?? ? ) ; ?? ?? ERS-1 /2、 JERS-1 ?
RADARSAT?? [10 ]??? 3? SAR????
??????????????????? ,?
????????????。?? ,??????
???????????????? SAR??
?????。?????? ,?????????
??、?????????。
2　干涉处理中坐标系的转换
?????? 3????: ①??????
? ( Earth Centered Rota ting, ECR) ,?? 1??
O-X YZ ,?????????? (???? si??
? v )????? ;②?? SAR????? s-
xyz ,?????????? ,??????? 1
????????? ,?? ,?????????
? ECR? ;③ SAR????? ,??? (???
?? )????????? ,?????????
???? ,? ERS-1 SAR?????????
7. 9 m,???? (????? )???????
?? ,????????????? ,? ERS-1
SAR???????????? 0. 000 595 s,?
????? 3. 9 m。???? SAR??????
??????????? (?? T 0 ) ,?????
????????????????? R0。??
??? ,?????????????????
?? ,?? SAR?????????????
? ,???? SAR?????????? SAR
??????????????。
2. 1　???? (?????? r )????
??????
?? 1?? ,??????? S? ECR??
?????? s= (sx , sy , sz ) ,????????
? (?? 1??R1? R2 )? ECR???????
? r= (rx , ry , rz ) ,?????????????
??? P (??????? h ) , P? ECR??
(X , Y , Z )????????
X
a+ h
2
+ Y
a+ h
2
+ Z
c+ h
2
= 1 ( 1)
?? ,a , c?????????? (?????
WGS84?? )。???? ,??????
P = ( X ,Y , Z )= S+ l r=
　 ( Sx+ lrx , Sy+ lr y , Sz+ lrz ) ( 2)
?? , l?????? S???? P???。??
61? 1?　　　　　　　　　　　　　????: ?? SAR???????
? ( 1)、? ( 2)????? P? ECR?? ( X , Y ,
Z )。
2. 2　 SAR?????????????
??????????? ,???????
??。????? ,??????? SAR???
??????????? s- xyz ,??????
? v?????? s (?? 1?? )?? x z??
?。?? SAR??????? , SAR?????
??? Doppler?? F?????? [11 ]
F= 2|V|cosK /λ ( 3)
?? ,λ????? ,K??????? v???
?????? R??? (?? 2?? ) ,????
????? F= 0,????????? F??
? Doppler?????? [3, 7 , 11]。???????
?????????? R ,??? 2?????
???????? ,?
R = (xRx , yRy , zRz )=
　|R|· (x co sK y sinKcosNz sinK sinN) ( 4)
x= V /|V|　 y= V×S /|V×S|　 z= x× y ( 5)
?? ,N? R? yz?????? y???? ,?
????? ,???????????????
??? x , y? z ,?? (× )????????。
? 2　??????????????
Fig. 2　 Platfo rm coo rdina te sy stem and decomposition of
radar side-lo oking vecto r
??????? (?????? n????
? h ,???? /??? ( R , T ) , Doppler???
F ) ,?? ( 3)?????????? v????
????? R???K。????N????? ,
? SAR??????????? (U, L )???
????????:
1. ???????????? ( satellite o r-
bi t vecto r propagato r)??? ECR???? T
???????????? (s ,v ) ,?? ( 5)??
?????????? 3?????? x , y?
z ,??? SAR???????????N;
　　 2. ??? ( 4)?????????????
r;
3. ?? ( 1)、? ( 2)?? r????????
????? l;
4. ??????????N,?? 2、 3??
?? l????? R??????? ;
5. ?? ( 2)??????? ECR?? (X ,
Y ,Z ) ,??????????? (U,L )。
3　基于卫星轨道数据和成像几何的
SAR复数图像配准
?? 1?? ,? S1???????????
?? ( master ) ,? S2????????????
? ( slave)。 ?????????? ,?????
??????????????????。
???????????????? ,??
????????????? /???? ( R , T )
?? { [Rminm , Tminm ]; [Rmaxm , Tmaxm ] } ,???????
??? M×N??? (? 6× 6) ,???????
??? ( master points) ,??????????
? /??? ( Rm , Tm ) ,???????? ( r1 , t1 ) ,
??????????WR ,????????
WF,??
Rm= R
min
m + r1WR　 Tm= Tminm + t1WT ( 6)
????? ,???????? 0。 ?? ,???
???? ( Rm , Tm )??????? (U, L ) ,??
????????????????? /??
( Rs , Ts ) ,???????????? ( r2 , t2 ) (?
?????? ) ,??????????????
???????
Δr1= r2 - r 1
Δt1= t2- t1 ( 7)
????? (r1 , t1 )??? Δr 1、Δt1、??????
? ,??????? (???? )???????
?????????? ,??????????
???????。
??????????????? ,???
?????????? 0。??? ,??????
????????????? ,???????
?????? ,??????????????
??? a、???? B、???? h、??????
?????。?? 3?? ,??????? 0? ,
?????? S1? S2???????WR??
??
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WR= R2- R1≈ - B sin (θ0- a ) ( 8)
???????? h? ,??????? Wθ1 (?
??? h / (R1sinθ0 ) ) ,???WR′????
WR′= R2′- R1≈ - B sin (θ0+ Wθt - a )≈
- B sin (θ0- a ) - B co s (θ0 - a ) hR1sinθ0 ( 9)
? ( 8)?? ( 9)???????????????
?????????? ΛΔr1
ΛΔr1= [B co s (θ0 - a ) hR1sinθ0 ] /rc ( 10)
?? , rc??????????。 ? ERS-1 SAR
???? ,????? B??? a??? 200 m,
25°,???、????? (??????????
? 24. 5°, 874 km、 21. 5°, 852 km ) ,ΛΔr1??? h
??????? 4?? ,??ΛΔr 1? h????
? ,?????。????? ,h?ΛΔr 1????
? ;?? ,??? 1 km? ,???? 0. 08?? ;
???? 10 km? ,???? 0. 8??。?? ,?
????????? ,???????????
?? 0,???????????????。
? 3　?????????
Fig. 3　 Rela tion betw een range difference and height
? 4　???????????????
Fig. 4　 Effects o f heigh t va ria tion on co-reg iste red er ro r
o f range dimension
4　基于能量影像的相关配准
???????????????????
?。???????????????????
????? K× L??? (?????????
??????? ,? 8× 8) ,?????????
? (r1 , t 1 ) ,????????????????
??????????????? (r2 , t2 ) ,??
???????? Δr1、Δt1 ,?????????
? ( tie point ) ;??????????????
????? ,???????????。
???? (r 1 , t1 )、 (r2 , t 2 )????????
SAR?????????? (? 256× 256)??
?? ( chips) ,??????????? f m ( x ,
y )、 f s (x , y ) ,?????????? Fm (U , V )、
Fs (U , V ) ,???????? (????-???
? ) [12 ] ,?????????????????
? Fourier??? ,?
a[R f
m
f
s
(x s , ys ) ]= FmF*s ( 11)
R f
m
f
s
(x s , ys )=∑+ M
- M
∑+ N
- N
f m (x , y ) f s (x - xs , y- ys )
( 12)
??a?? Fourier?? , (* )?????? , ( xs ,
ys )????????? (??????????
?? ) ,???? Fourier??????????
???????。 ?????????????
??????:
1. ?????????????????
?????????? ,??????????
??? ;??????????:???????
??????????? ,??????? 3?
???????????????? (????
? ) ,????????????????? ;?
????????? [11 ] ,
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????????? ( threshold,? 0. 2) ,???
????? ,???????。????????
??????????? ( shadowing ) ,????
? ( layover)????? ;
2. ???????? ,?????????
??????????? Fourier?? ,???
??? ,????? Fourier??? ,?????
?? ;
3. ????? ( peak point ) ,??????
?????? ,??????? ,???????
??????????????????? ;?
????? ,???????????????
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????????????? ,???????
???????? [ 12] ,?? ,????????
?????????? ,??????????
???????。???????? ,?????
? (r1 , t1 )???????????? (r2+ Δr2 , t2
+ Δt2 ) ,?????????????????
???????????:
Δr= Δr 1+ Δr 2
Δt= Δt1+ Δt2 ( 14)
4. ?? 1～ 3? ,???????????
???????????。
5　配准实例及相应结果分析
??????????、????????
?? ,??????????????????
?? SAR??????? ,???? 3???
SAR?????????????? ,????
?、????、???????????????
?????????? 1??。 ? 5???
ERS1-/2??? ???????? ( descending
o rbi t)?? (???? 1) ,????? ,????
?????????????? ,??????
???? ,?????????????? ,??
?????????。?????? ,?????
?????。???? ,???????????
??? ,?????????。
?????? 3????????????
?? 6× 6??? ,?????????????
?? 36??? ,?????????? 8× 8?
?? ,? 64???? ,?????????? 2
??。 ? 2???? 36????????? ,?
????????????? (Δr 1 ,Δt 1 )、???
?????? (WΔr1 ,WΔt 1 ) ;?????????
?????????。?????? ,?????
?????????????????????
??????? ,?????????? 64。
? 1　 3? SAR???????
Tab. 1　 Test data: three types of SAR image pairs
SAR??
??? ????
???? ?????? /m ?????????? / ( m· s- 1)
??? ??? B? B? Rminm , Tminm Rmaxm , Tmaxm
ERS-1 /2
Yuen Long
(?? )
( E RS-1)
1996-03-18
( ERS-2)
1996-03-19
80. 09 99. 05
860 300. 443 m,
10 500. 917 99 s
864 804. 138,
10 503. 435 56 s
JERS-1
Moun t Fuji
(?? ) 1993-07-07 1993-08-20 644. 16 510. 48
717 933. 260 m,
5 033. 000 27 s
729 046. 905 m,
5 034. 155 94s
RADAR-
SA T
Bathu rs t?
(?????? ) 1996-03-04 1996-03-28 - 909. 04 - 1 061. 67
1 096 267. 306 m ,
46 960. 349 65 s
1 107 994. 184 m,
46 962. 141 10 s
? 2　 3? SAR???????????????
Tab. 2　 Comparison of co-registration results among three types of SAR images Pix els
SAR
???
????????? ??????????
Δr1
Δt 1
WΔ r1
WΔt 1 WΔ1
Δr
Δt
WΔr
WΔ t
??
?? WΔ
ERS-1 /2
- 5. 881
- 65. 124
± 0. 045
± 0. 021 ± 0. 026
- 5. 978
- 66. 230
± 0. 014
± 0. 017 54 ± 0. 056
JERS-1
- 3. 503
- 30. 123
± 0. 355
± 0. 176 ± 0. 10
- 5. 156
22. 380
± 0. 279
± 0. 280 56 ± 0. 191
RADARSAT
- 3. 940
- 7. 494
± 0. 772
± 0. 773 ± 0. 095
0. 088
- 11. 862
± 0. 546
± 0. 575 49 ± 0. 134
　　?????????????? ,????
?????????????????????
????。????????????????
? (Δr- Δr1 ,Δt-Δt1 )???? ,?? ERS-1 /2?
SAR??? ,?????? 0. 097?? ,???
??? 1. 106?? ;?? JERS-1? SAR???
? ?? 1. 653? ?、 - 52. 503?? ; ? ?
RADARSAT? SAR?????? - 4. 028?
?、 - 19. 356?? ,?? ERS-1 /2?????。?
??????????????? (WΔr1 ,WΔt 1 )
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?? , ERS-1 /2 SAR???????。??? ( 1)
～ ? ( 5) ,???? , ERS-1 /2????????
? JERS-1? RADARSAT????????
?。
? 5　????? ERS-1 /2 S AR??
Fig . 5　 SAR images acquired by ERS-1 /2 and cover ed Yuen Long , Hong Kong
　　???????????????? (WΔr ,
WΔt )?? , ERS-1 /2??????? , JERS-1?
? , RADARSA T??。 ????? ,? 3???
?????????????????? ,??
???????? ,????????? ,?? ,
?????????????????????
?????????????。??? ,????
?????? ,??????????????
WΔ?? 2??。 ???????? ,?????
?????? ,?????WΔ1?? 2??。
6　结　论
???????????????????
??? SAR?????????? ,?????
????????? ,???????????
???????????? ,?? ERS-1 /2??
????????? ,??????? JERS-1
? RADARSAT????? ;????????
?????????????? ,??????
????? ,???????????? ; 3??
? SAR?????????????????
????? ,??????????? ,????
????? ,????? (???? )?????
?????????????????????
??????? ,?????????????
????。 ????????????????
???????? ,????????????
??????????????????? ,?
???????? ,????????????
??????。
??　??????????????????
??????????。?? ,????????
??? SAR????????? DESCW( Ver.
4. 0)??? SAR????????。
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中国全球定位系统技术应用协会第六次年会将于 2001年 8月召开 ,为推动 GPS事业发展 ,
鼓励广大会员、专业技术人员更好地交流经验 ,总结科研、应用成果 ,面向西部大开发 ,发挥 GPS
技术的作用 ,中国全球定位系统技术应用协会办公室将组织编辑学术论文集。在年会上将评选优
秀论文 ,并对获奖者进行奖励。
论文范围包括技术、应用与管理。技术方面:空间数据基础设施 (定位数据、数据的获取、存储
更新、交换 ;数据网络 ;数据的管理和维护 ) ,高精度 DGPS、 WAAS和 LAAS, GPS /GNSS /
GLONASS卫星系统研究 ,大气层影响 ,时间同步 , GPS天线与接收机 ,蓝牙 ( Bluetoo th)技术 ,
WRC- 2000, GSM与 GPS的集成。
应用与管理方面: GIS与 GPS集成应用 ,陆地、航天、航海指挥调度、动态监控、自主导航等
安全系统 , GPS与精细农业 , GPS与环境监测 ,工程 (地壳、建筑物 )形变监测 , GPS现代化 , GPS
政策阐述。
要求参加评选的论文立论正确、有创新、文字通顺、图表清晰。已在公开刊物上发表的文章不
得参加评选。今年拟评出一等奖 1名 ,奖金 2 000元 ,二等奖 2名 ,奖金 1 000元 ,三等奖 3名 ,奖
金 500元 ,获奖论文均发给奖状 ,并安排在年会上作报告 ,向有关公开刊物推荐发表。
论文征集截止日期 2001年 6月 10日。有关论文格式及其他要求 ,请与中国全球定位系统技
术应用协会办公室联系 ,欢迎各界人士踊跃投稿。
地址:北京复外三里河路 50号中国全球定位系统技术应用协会　邮编: 100045
联系人: 王丽　韩丽华　联系电话: ( 010) 68512952　 E-M ALL: wangli@ sbsm. gov. cn
中国全球定位系统技术应用协会
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